Abstract-The solar PV farm is expected to gain greater popularity in Malaysia as an alternative energy source. Malaysia lies in the tropics and enjoys abundant sunlight, but is also prone to frequent lightning strikes. The solar PV farm is at great risk of being struck by lightning because of its location and installation in an open and flat area. Due to the high cost of maintaining the solar PV farm, a suitable lightning protection system should be installed to avoid or minimise the potential damage. Hence, the objective of this study is to offer a basic reference for the installation of a surge protection device (SPD) for a proper location according to the standard.
INTRODUCTION
Malaysia is moving towards renewable energy sources for generating electricity due to diminishing limited fossil fuels and also because of growing concern about environmental problems like acid rain, greenhouse effect and ozone layer depletion [1] . In Malaysia, the solar PV system is seen to surpass all other renewable energy options because of high daily radiation and high number of sunny days in most parts of the country [2, 3] .
Unfortunately, Malaysia is also highly exposed to lightning events [4] and solar PV system has high possibility of being struck by lightning because of installation in a wide open areas. The lightning strike will cause sustained damage and meltdown or fracture of the electronic components of the solar PV farm [5, 6] . Ultimately this leads to high cost of repair and replacement of the damage components.
In this study a solar PV farm grid-connected system is modelled with the PSCAD/EMTDC software and a lightning current waveform is applied to observe the performance with and without the installation of SPD. Further investigation is e made in determining a suitable location to install the SPD in the solar PV farm according to the standard.
II. SOLAR PV FARM GRID-CONNECTED SYSTEM
A case study of 1 MW solar PV farm grid-connected system was modelled in the PSCAD/EMTDC software and consisting mainly of solar PV array, inverter, transformer and grid as shown in Fig. 1 . This solar PV farm was built from 250 W multi-crystalline solar PV modules to form a 42 solar PV array with 42 string inverter to convert DC output from solar PV to AC output. Then the inverter output is connected to the step-up transformer before being supplied to the grid. Details of all components applied in the mode are listed in Table I . The output of the solar PV farm grid-connected system is simulated in the PSCAD/EMTDC as summarised in Table II. This measurement and others are deliberate, using specifications that anticipate your paper as one part of the entire proceedings, and not as an independent document. Please do not revise any of the current designations.
III. LIGHTNING CURRENT WAVESHAPES
Lightning current waveshapes, can be modelled ising mathematical expressions. There are two mathematical expressions of lightning current waveshapes that are widely used in examining the effects of lightning which are double exponential and Heideler functions. The double exponential [7] can be expressed in Equation (1) where is the peak current while α and β are constants.
In determining the lightning current waveshape, these two important parameters are employed to obtain the tail time and front time respectively. The Heideler function in Equation (2) and Equation (3) was proposed by Heideler [8] as follows:
The simplest equation of the lightning current waveshapes is represented by the double exponential function. Unfortunately, the Heideler function provides more realistic results because the Heideler function starts when = 0, while the double exponential starts when = 1 µs. Hence, the Heideler function was selected in this study for the lightning current waveshape model. Two standard waveshapes of lightning currents, 8/20 µs and 10/350 µs were simulated as shown in Fig. 2 and Fig. 3 respectively, which are applied in the case studies. 
IV. SURGE PROTECTION DEVICES (SPDS)
A SPD contains at least one non-linear component like varistors, suppressor diodes spark gaps, GDT, triacs and thyristors. Metal oxide varistors (MOVs) and spark gaps or GDT are the common components used in the SPD for the low voltage power distribution system [9] . In this research, the SPD will be modelled based on the MOV component following from the SPD that is practically used in a solar PV farm in Puchong.
According to the CLC 50539-12 standard [10] , the numbers and location of SPDs depend on the cable length between the solar panels and inverter on the DC side and the cable length between inverter and SPD on the AC side. On the DC side the SPD (SPD B) needs to be installed near the inverter if the length is less than 10 meters. If it the length of the cable exceess 10 meters, a second SPD (SPD A) is required and should be located in the box close to the solar panel, the first one is located in the inverter area. Meanwhile, on the AC side, if the length of the SPD (SPD D) and the inverter is greater than 10m, it is necessary to protect the inverter with a complementary second SPD (SPD C). All these can be seen in Fig. 4 . Two case studies were conducted; Case 1-lightning strike without SPD and Case 2-lightning strike with SPD installed as per standard CLC 50539-12. The lightning strike was applied between the solar PV array and the string inverter where five measurements at critical points were recorded as illustrated in Fig. 5 . The results show that the solar PV farm there can be huge damage of most of the components when lightning strikes, where the solar PV Array 1, all string inverters and transformer will be affected. Even if the lightning strike is between the solar PV Array 1 and string inverter 1, the lightning current will travel along the cables and badly damage the string inverter and transformer.
B. Case 2:Lightning Strike at Solar PV Farm With SPD
The installation of the SPD on the DC and AC side was based on Table III as discussed in Section IV. Then the lightning strike was applied to the installation of SPD to observe the effect. Case 2 was split into three parts: cable length 5 m, cable length 10 m and cable length 15 m (connection between the solar PV array and inverter). Table V  shows the result for voltage measurement while Table VI shows the result for current measurement. According to these two tables, the cable length does not have high influence to reduce the impact of the transient voltage and current. Moreover, the SPD that is installed near the inverter is not adequate to protect the solar PV modules.
I. CONCLUSION
The lightning strike contributes to a high transient voltage and current that can cause great damage to the solar PV modules and other electronic components. Therefore, this study was conducted to assign a proper location of the SPD in order to protect the solar PV modules and inverter. The SPD was installed according to the CLC 50539-12 standard. This study observed that installation of only one SPD is not enough, especially to protect the solar PV modules. The SPD should be installed besides the solar PV modules and inverter in order to minimise the impact of the lightning strike. Moreover, the SPD rating Type 2 is not enough to protect the solar PV farm. Further study can be done in terms of proper location and rating of the suitable SPD to apply at the solar PV farm. 
